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SUMMARY

Resultsarepresentedofsomesamplecalculationsmadeforthe
bending-aileronandtorsion-ailercmflutterofanidedizedwing-aileron
system(infiniteaspectratio, full-spanaileronhingedatitsleading
edge)forseveralvsluesofM3chnroikrinsupersonicflowandalsofor
somesubsonicMwh nunibers.Itisemphasizedthattheresultsaresrib-
jecttovariouslimitationsandarenotintendedtobeapplicableto
particularconfigurations.my mayserve,however,toprovidepre-
U- knowledgeoftheinfluenceofvariationsincertainparameters
andtoindicatesaneofthedifferencesinthetrendsexhibitedbythe
calculationsforhighspeedsandthosetiendslmowntoexistfw low
speeds.

Themme influentialparametersappeartobe: massbalanceofthe
controlsurface,control-surfacefrequencyrelativetowingfrequenq,
andstructuraldamping.Aninterestingresultistheindicationofan
apparentreverseeffectofmassbalanceatthetransonicspeedsforsome
wing-aileronconfigurations.A highvalueofcontrol-surfacefrequency
appesmbeneficialasdoessticturaldampingal?thesysta. k several
ofthecalculations,thepossibili@c&flutterina singledegreeof
freedomisindicated.

. INTROIXJC!T!KIN

Numerousinvestigations,bothsmalyticalandexperimental,ofthe
problemofflutterinvolvingcarbrolsurfaceshavebeenmadeincrder
todeterminewhatparametersinfluencethis@pe offlutterandtofind
mesnsofpreventingit. Theseinvestigaticmshavebeenconcernedchiefly
withflutteratlowspeeds.Thepresentpaperaimsatcontributingto
thesubjectthrou@calculationsmadebyanalyticalconsiderationcdthe
supersonicspeedrsmge.SticetheanalysishasbeenideaUzedad has
msmyImitations,saneremarksemphasizingthenatureofthelimitations
followthisintroductionandthelistofsynibols.
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2 NACATN3160

Someofthefactorsaffectingcontrol-surfaceflutteratlowspeeds
1,

havelongbeenknown.Evenbeforethedevelopmentofthefieldof
unsteadyaerodynamics,someconclusimshadbeenreachedbyVonBaumhauer
andKoning(ref.1)ontheinfluenceofcontrol-surfacemassbalauce.
SimilarconclusionswerereachedbyIYazerandDuncaninreference2.
Iaterinvestigationsofcontrol-surfaceflutterincludethetreatmentof
!lheodcmsenandGarrick(ref.3), wheretheresultsarepresentedofa
systematicanalyticalsurveyoftheeffectsofvariousparameterson
thefluttercharacteristicsofa wing-aileronsysteminincompressible
flow. Otherinvestigationshavebeen@e byVandeVooren(ref.4),
numerousBritishinvestigators(see,forexsmple,ref.5), Dorr(ref.6),
.andothers.l!biswmk hasindicatedthecriticaldependenceofcontrol-
surfaceflutteronsuchparametersascontiol-surfaceunbalance,struc-
turaldamping,andtherelativestiffnessesinwingbending,wingtorsion,
andaileronmotion.

Thecriteriadeterminedanalyticallyforthecaseofincompressible
flowhavegenerallybeencsrrieduver,togetherwithe~rience,toform
thebasisforcriteriaforthepreventicmofcontrol-surfaceflutterin
thes~soniccase.Althoughstisonicaerodynamiccoefficientsrelating
tothecontrolsurfacehavebeenavailablein,forexample,reference7,
in certainBritishsources,andmorerecentlyinmoreextensiveformin
reference8, nosystematicc~ctitionsus- thesecoefficientshave
beenp~lished.

Withtheattahment ofswpersanicspeedsinf3ightthequestionof
theappl.icabili~ofstandardssetforthesubscmiccasetothesuper-
soniccasehasbecomeincreasinglyimpcmtant.lXttlepracticalexperi-
mentalknowledgeexistsanduntilrecentlynotheoreticalaerodynsdc
coefficientsrelatingtoccmtrol-surfaceflutteratsupersmicspeeds
wereavailable.Thesecoefficientshavenowbeentabulatedfora wing
intwo-dimensionalsupersonicflowinreference9 asanextensionof
reference10. Coefficientsforthesoniccasehavebeendevelopedand
tabulatedinreferenceIL

Ihthepresentpapertheaerodynamiccoefficientsofreferences9,
10,and11havebeenempluyedwiththeanalyticalapproachofreference10
intheperformanceofsomessmplecalculationsforwing-aileronflutter
intwodegreesoffreedomatsupersonicspeeds.Forcomparison,a few
examplesforsubsonicflowareincluded.Theinvestigationappliesto
aninfinite-aspect-ratiowing-aileronsystemwithanaileronhingedat
itsleadingedgeandisnotconcernedwithanyetistingconfiguration.
Control-surfaceconfigurationsforsupersonicflightarenotyetstand-
ardizedandhencetheinvestigationhasbeenlimitedtoanidealized
systmwiththeaimofgainingsomeindicationsofw~t tolookoutfor
andwhattoexpectincmrbrol-surfaceflutteratsupersonicspeedsas
compared.withwhatisknownforthesubsoniccase.Itisrealizedthat
similsrcalculations~ etistelsewhereinunpublishedform@, further,
thata solutiontothecompleteproblpmwillrequiretheconsideration
ofmsnyfactorsnotincludedinthepresentwork.

m
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SYMEOIS

3

b one-w chordofwing-aileronsystem

c veloci@ofsound

gh>~> gp structuraldampingCoefficients

h verticaldisplacementofaxisofrotation

AZ momentofinertiaofwing-aileronconibinationaboutelastic
axisperunitspanlength

‘B momentofinertiaofaileronaboutxl (hingeaxis)per
unitspanlength

m massofwing-aileroncombinationperunitspanlength

M Machnuuiber

b %>% aerodynamiccoefficientsofJ3ftandmoment(see
(n= 1,2,...6) refs.9 and10)

‘a radiusofgyrationofwing-aideraucombinationreferred

to Xo, iv
2mb

‘B reducedrsdiusofgyrationofaileronreferredto xl,

{a

Sa

%

v

Xo

xl

‘a

staticmomentofwing-aileronccmibinationperunitspan
lengthreferredto X.

staticmonentofaileronperunitspanlengthreferred
to xl

speedofforwardmotion(orveloci@ofmainstream)

coordinateofelasticaxismeasuredfromleadingedgeof
wing,referredtochord2basreferencelength

coordinateofaileronhingemeasuredfromleadingedgeof
w@% referredtochord~ asreferenceI-e@h

locationofcenterofgravi~ofwing-aileronccmbinatian
referredto +

-———. —. .— _



4 NACATN3160

‘P reducedlocationofcenterofgravityofaileronreferred
to xl, S~/mb

a mu tisucementaboutrotationpoint

$ ~ di8pUC@m@ntOf aileronabout+Leronhinge

P massratioparameter,m/&pb2

u) cticularfrequencyatflutter

% naturalCircdar

% naturalcircular
elasticWs

‘P naturalcircular
aileronabout

frequencyofwinginverticaltranslation

frequencyoftorsionalvibrationsabout

frequencyoftorsionalvibrationsof
x-lA

P massdensityofair

S2hX= p(qJu))2(l+ igh)

‘ax = Pa2(~/o)2(1

$)#= P&(qyuyp

+ igJ

+ igP)

REMARKSEMPHASIZINGIMITATIONS

Thecalculaticnlsdiscussedinthisreportwereundertakeninorder
togainsaneinsightintotheproblemofflutterinvolvingcontrolsur-
facesatsupersmicspeeds,a fieldinwhichveryfewpiblishedresults
~st, andwereintendedtipsrttoserveasa possibleguidetoeXperi-
mentalinvestigationsoftheproblem.Itisfeltthattheresultsof
thenumericalcalculationsmightbe ofinteresttootherinvestigators.
Itshouldbeclesrlykeptinmindthattheresultspresentedaresubject
tovariouslimitationsandaxenotintendedforapp13cationtoanactual
configuration.Asindicatedintheintroduction,thecalculationswere
performedforthecaseoftwo—dimensicmalflowbecauseoftheavailability
ofthecoefficientsandwereappliedtoa highlyidealizedWng-aileron
system(infiniteaspectratio,full-spanaileronhingedatitslesding
edge).Parametervariationstreatedareratherlimited.Theresults
msybe considerablyalteredby suchfactorsasfinitespan,thickness,

.—— —. .—. .. .—
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additionaldegreesoffreedcm,andotherparameterswhich
sidered.Theresultsshouldserve,however,toprovidea

5

werenotcon-
weliminsm

knowledgeof the influenceofvariationsin”cert&nparsme-&rsandt;
indicatesomeofthedifferencesintrendsexhibitedbythecalculatias
forhighspeedsandthetrendskmwntoe&t forlowspeeds.

SYSTEMCONSIDEREDANDMETEODOFAI’UIXSIS

Considerawing-aileronsystemhavhgthedegreesal?freedomof
verticaltranslationh,angulardisplacementa,andaileronrotation

bythefO~OWi~SySt&Of

<

h
a -- J—-— -—

--*

Thissystemwillberep~ed inthe‘&alyticala&roachaqployedherein
infiniteaspectratio

Elastic

hinge

of aileron
axis \

L c.g.d system

P

wherethechordandotherdimensionsaxetakenasthoseofa repre-
sentativewingstatiou.Thestiffnessesofthelinearspringsndthe
twotorsionspringsarechosentogivenaturalfrequencieswhichare
thessmeasthebending,tursion,andaileronnaturalfrequenciesof
thewingsysteD19

Itisshowninreference10thatfcma systemofthis&pe the
flutterdeterminantis

G %a %$

Ash

%h

G

J-ha

4$
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where
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,

.

The %X arefunctionsofthestructuralpropertiesofthewing
andtheflutterfrequencya throughtherelations

Sl=x= pray+Juy(l+%-&)

Slpx= Ilrpa(u)ppy(l + U3p)

—. —— ——. —— .-
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TheL’s,M’s,sndNISareaerodynamicforceandmomentcoefficients
definedsmdtabulatedinreference9 and10forthesuperscmiccase,and
aregivenfarthesoniccaseinreferenceU. ThecoefficientsforsUb-
soniccompressibleflowcanbeobtainedforcertainlimitedcasesh
references7 and8 andforincompressibleflowfromreference12. A
dtscussimofthesignificsmceofthestructuralparametersandofthe
numericalvaluesassignedtothemisgivenina subsequentsection.

Thecalculationstofollowhavebeenlimitedtothetwosubcases
whichinvolvetwodegreesoffreedom,thatis,flutterinvolvingwing
bendingandaileronrotation,andflutterinvolvingwingtorsionand
aileronrotation.Itisrecognizedthat,incasesofhighcoupling
betweenbendingandtorsion,a three-degree-of-freedomanalysiswould
probablyberequiredtogivea completepictureofthesituation.Ih
caseswhicharenothighlycoupled,however,considerationofthesub-
casesshouldleadtosatisfactoryresults,atleastwithregardto
trends.

DISCUSSIONOFPARAMETERSFORTEECASESTREATED

Thevariousparameterstobe consideredwillbeMachnuuiberM,
massratiopsrsmeterV,aileron-hingelocaticm~, aileronradiusof
gyrationrP2,rebalanceparsmeterXP,frequencyratios~/~ and

~~ua,Murwus ofgyrationra2,elastic-axislocationXo,and

StI?ucturd.-q gh>gp* A tableofvaluesoftheseparameters
employedinthecalculatiausispresentedastableI.

A variationinthemassratiopsrameterp maybeccxmideredasa
variatoneitherinaltitudeorinwingmass.TheValll.eSof p = 15.708
and157.08havebeenemplqyedinthecalculatiamand,fora particular
configuration,mightrepresentaltitudesofsealevelaudapproximately
50,000feet,respectively.

Theparameterxl isthecoordinateoftheaileronhingerelative
totheleadingedgeofthewing.A valueof xl= 0.8,forthehinge
at80percentchord,hasbeenusedinthemajorityofthecalculations.
Someresultsaregivenforthehingeat~0percentchord,or xl= 0.5.

Theparameterr~2 asdefinedisrelatedtotheradiusofgyration
oftheaileronreferredtothehingeanddependsinpartontheratioof
aileronmasstowingmassandontheaileronmassdistribution.Forthe
casewherexl= 0.8,ifa ratioofaileronmassperunitlengthtowing

___ . ..-— — .. -- —.. -- -. .-
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massperunitlength
tion,‘B2 wouldbe

WA ~ 3160

of 1/10isassumed,fora uniformmassdistribu-
approximately0.005,whereas,fora triangularmass

distribution,‘$2 wouldbeapproximately0.003.Anaveragevalueof

%2 = O.O@+ hasbeenusedinmostofthecalculations.Forthecase
wherex1= 0.5 theassumptionofa massratioof1/3wouldleadtoa

2 ofabout1/10.similaraveragevaluefor ‘$

TheparsmeterXP isa reducedparameterwhichalsoinvolvesthe
massratioandisrelatedtothedistanceofthecenterofgravi~of
theaileronfromtheaileronhingesndrepresentsthestaticunbalance
ofthecontrolsurface.Positivevaluesoftheparameterxp repesent
underbalance,whereasnegativevaluesrepresentoverbalance.For
xl= 0.8 andfortheassumedratioofaileronmasstowingmass,values
of x~ rangingfrom-0.01to0.01representlocationsofthecenterof
gravi~oftheaileronofabout20percentoftheaileronchordforward
andrearwardofthehhge. For Xl= O.~,thesamevariationin Xp
wouldrepresentlocationsofthecenterofgravi~within5 percentof
thehinge.Itshouldbenotedthatinthetorsion-aileroncase,a com-
pletestaticbalanceintheusualsense(xp= O)isnotquitesufficient
toeliminatemasscoupling.Actua.lJy,completestaticbalanceagaixmt
rotationimpliesrp2+ 2(xl )-‘o‘B= O sothata smallamountofover-

bahce (XB<0, ‘s‘e’@d” Inthepresentcase,with rP2= 0.004,
xl= 0.8, and X. = 0.4, a valueof XP= -0.005wouldbenecessaryto
balancetheaileronagainstrotation.

TheparameterX. givesthelocationoftheelasticaxisofthe

2 istheradiusofgyrationofthewingreferredto”wing,whereasra
theeksticaxis.Inthecalculationsforthetorsion-aileroncasethe
valuesX.= 0.4 (elasticaxisat40percentchord)and ra2= 0.25
havebeenemployed.

DISCUSSIONOFRESULTS

Resultsofthecalculationsarepresentedin figures1 to8. l?ig-— —
ures1 and2 representa generaltreatmentwithre~d toMachnumber.

—

Generally,theregionsofflutteraretheareasboundedby loops,either
openorclosed.Whereonlya singlecurveisshown,theflutterregion

4,

istheareabelowthecurve.Forthesefiguresa particularsetof

(parametersxl= 0.8,rP2= 1/250,p= 157.08, gh= o, and gP= o) d

-. .. .... . __ —.. .
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hasbeenselectedandcalculationsperformedforboththebending-
aileronandtorsion-aileronsubcasesfora rsngeoflkchnumbersfromO
to2.0. Figures1 and2 presentresultsforthecoupledflutterofthe
wing-aileronsystem.Figure3 presentssomeadditionalresultsfarthe
incompressiblecase.Ftgure4 presentsresultsassociatedwithsingle-
degree-of-freedamflutteroftheaileron.Forfigures5 to8 variations
havebeenmadeintheparametersxl, rP2} P> ~> ~d gP ~ C~CU-
lationsperformedatisolatedMachnuniberstodeterminetheeffectof
changesintheseparameters.Pa conveniencetireferencetothefig-
uresandtoshowbettertherangeofvariablesconsideredinthecalcu-
lations,tableIhasbeenprepared.

Forthefiguresrelatingtothebending-aileroncasetheordinate
isa parsmeter~/c; theabscissa,thestaticunbalanceparsmeterXp
orthefrequencyratio up/q. Forthetorsion-aileroncasesa param-
eter ~/c has beenplottedagainstXP or U)p/UJa.

b fighre1 resultsaregivenforthebending-aileroncaseamdare
presentedforvariousvaluesoflkchnuuiber.Thefiguresindicatethe
existenceofa flutterregionextendingbetweenanupperandlowervslue
oftheparsmeter~~c (at M = O itis~edienttoemploybin@).
Ontheleftsideal?figure1,forwhichtheflutterparameterisplotted
againstXp fw thecaseofzerorestraint(aP= Q),themoststriking
resultistheindicationofa reverseeffectofstaticmassbalanceat
thetranscmicspeeds.Whereasat M = 2.0 andalsointheincompress-
iblecase,theflutterareaUes almostentirelyintheregimC&under-
balsnce,asa Machntierof1.0isapproached,theflutterregionshifts
toindicateflutteronlyfortheconditionofoverbalance.Itmaybe
noticed,however,thatthelowerboundaryoftheflutterregionappesms
ata ratherhighvalueal?

%
c; thismsybea fortunatecticumstance

inthatpracticalvaluesoft sparametermayliebelowthelowerbranch.
Ontherightsideoffigure1,theplotsoftheflutterparameteragainst
frequencyratio~ ~ indicatethatata sufficientlyhighvalueof
thisfrequencyratio,dependingonthevalueoftheunbalanceparameter,
flutteriscompletelyeliminated.

Theresultsgiveninfigure1 relateonlytothecoupledbending-
aileronflutter.Attransonicspeedsadditionalrootsappearwhichare
associatedwithsingle-degree-al?-freedcnnflutteroftheailermofthe
@pe discussedinreference13. Theserootsarepresentedseparately
ina subsequentfigure.

M figure2 resultsaregivenforthe-torsion-aileroncaseandare
presentedintheformempluyedinfigureL Theresultsshowninthe

—. .—..-. .—-—... ——— —— —-. — ——- — -—— -.— —.—— -- .—-——--
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plotsagainstx~ aregenerallycomparabletothose
bending-aileroncaseinthatflutterisindicatedat

NACAm 3160

notedforthe
transcmicMachnum-

bersfortheoverbalancedaileron.lhcontrasttotheresultsofthe
bending-aileroncase,however,isthefactthatflutterisindicated
fortheoverbalancedatleronat M = O aswell.Thisresultforincom-
pressibleflawwasfurtherstudiedbyvaryingthemassratioparameterPO
Resultsaregiveninfigure3 andarediscussedina laterparagraph.
Anattempttostudythetransitimfrcm M = 0 to0.7 couldnotbe car-
riedoutbecauseofthesparsenatureoftheavailabletablesofcoef-
ficients.~ theplotsagainstfreq.uencyratio,additionalrootsasso-
ciatedwithflutterofthewinginpitchoccurattranscmicspeeds.It
mi@rtberecalledthatvariousstudieshavebeenmadeforthecaseofa
winginpuretorsion(see,forexample,ref.14)andhaveindicatedthat
fcmcertainaxesofrotatimandcertainMachnunibers,flutterinthis
degreeoffreedomcanoccur.This@e offlutterwasencounteredin
thepresentcalculaticmsandisindicatedbytheessentiallylinear
flutterboundariesat&lachnmibersof10/9,10I8,aud10/7(forthe
latter,athighvaluesof ~1~ only).Atlx@bvalues‘ofthefre-
quencyratiotheseflutterboundariesapproachtheresultofthesolu-
tionwhichwouldbe obtainedby considerationofthesingle-degree-of-
freeda(inpitch)equation.

Asinthebending-aileroncase,a sufficientlyhighvalueofthe
freqyencyratiomP/~ servestoellminatethecoupledtorsion-aileron
flutterwiththepossibleexceptionofthosecaseswhichappeartobe
identifiedwithsingle41egree-of-freedomflutter.~ requiredvalue
of ~/~ isratherhi@, however,anditmightbemorepracticalormore
desirabletoeliminatethefMrtterbyproperchoiceof Ix@.

Asinfigure1,theresultsassociatedwithsingle-de~ee-of-
freedomflutteroftheaileronhavenotbeenpresentedandaredis-
cussedtogetherwiththoseofthebending-aikroncase.

Eecause@ thefactthat,inthetorsim-ailercmfluttercalcula-
tionsat M = 0,flutterwasindicat~fora ~@ly overbalancedaileron,
thiscasehasbeengivenfurtherconsideration.Aninvestigationofthe
effectsofvariousparametersindicatedthattherangeofvaluesofthe
unbalanceparameterx~ overwhichfluttercouldoccurforthezero-
frequencycasewasmoststronglydependentonthemassratioparem-
eterp. Theresultsofcalculationsforvariousvaluesof p are
showninfigure3. A decreasein p isseentoresultinthedivision
oftheflutterareaintotworegions.As y isfurtherdecreased,one
oftheseregionseithervanishesorrecedestogreaternegativevalues
of xB thsnwereconsideredinthecalculations.Flutterisstillindi-
cated,however,fora certainrangeofoverbalance.

Theresultsassociatedwithsingle-degree-of-freedomflutterofthe
aileronwhicharoseinconnectionwithboththebending-aileronand

..— .—— -——— —-.



I’UICATN3160 u

torsion-aileroncasesarepresentedinfigure4. Theplotsontheleft
showresultsobtainedfromsolutionofthecoupledbending-aileronequa-
tions,whilethoseontherightarosefromthetorsion-aileroncase.
Notethatforthestaticallybalancedaileron(XP= O)thetwocases
yteldidenticalresultsata givenMachnmiber.TMS resultis the ssu

as that obtainedfromsolutionofthesingle-degree-of-freedomequation
forflutteroftheaileron.Fcrrvaluesof x

P
otherthanzerothe

coupledequationsledtoslightlydifferentcurves,thussomecoupling
withthewingmoti~isindicated.Asmentionedpreviously,thepure
single-degree-of-freedomflutterofa controlsurfacehasbeentreated
inreference13whereitisshowntobehighlydependentonaltitude,
momentofinertiaofthecontrolsurface,andstructuraldamping.

~gures5 to 8 @ve therestitsofsomesamplecalctitimsmade
forothervaluesofthecontrol-surfaceparametersandthemassratio
psmmeterV. Figure5 presentsresultsfor thebending-aileroncase
forthevaluesI.L= 157.08W X1= 0.8,as treatedinfigure1,
withadditionalvaluesofradiusofgyrationparameterrp2 of1/180
and1/60. Consideraticmoffigure5 @ comparisonwithfigure1 indi-
catesthatanincreasein r~2,correspmdingtoanincreaseinthe
momentofinertiaoftheaileron,atthehigherMachnmberstendsto
shifttheflutterareamcmeintotheregionofoverbalance,thusthe ‘
flutterareaisextendeduvera widerrangeofvaluesoftheunbalsnce
parsmeter.Amincreasein rP2 alsoextendstheflutterregionto

‘u@tg ‘@er *WS ‘f %/%” ‘t M = 10/9 w ‘Jm ‘ffect‘fm
increasein r 2B isinnarrowingtheflutterregionwithrespecttothe
parsmeter~/c.

Elgures6(a)snd6(b)showresultsforthebending-aileronand
torsion-aileroncases,respectively,forthesetofcontrol-surface
parameterstreatedinfigures1 and2 ata lowervalueofthemassratio
parsmeterp. Comparisonoffigures6(a) and6(b)withthecasesfor
lowermassratiooffigures1 and2 indicatesthatatthehigherMach
numbersa decreaseinthemassratioresultsmainlyinraisingthevalues
of b~/c and ~/c whichboundtheflutterregion. At M = 10/9 a
decreaseinthemassratioshiftstheflutterareafartherintothe
regionofoverbalance.

Figure7 showsresultsatthreesupersonicMachnunhersforthe
bending-aileronanalysisofa large-chordcontrolsurface(xl = O.5).
Forthis casethereisthesamereverseeffectofmassbalanceattran-
sonicspeedsaswasnotedforthecasewherexl= O.8; andevenatthe
higherMachnuniberstheflutterareaextendsfarintotheregionof
overbalance.Withregardtotheplotsagainstfrequencyratio,the
flutterregionvanishesforvaluesof UB/~ ne~ uni~=

..__ ___ ._ . _____ — —. — --_.—



12 WA TN3160

Figure8 treatstheeffectofstructuraldampingforthebending.
aileroncaseandforthesetofcontrol-surfaceparametersconsidered
infigure1. Comparisonoffigure1withfigure8 indicatesbeneficial
effectsofdampingat M = 10/7througheliminationoftheflutter
regionfortheoverbalancedconditionanddecreasingthevalueof uP/~
requiredtoavoidflutter.At M= 1.0 theadditionofstructural
-* s~ts t~ fl~terea s~ghtlyintotheregionofunderbslsnce
but,forthebslancedaileron,onlya verylowvalueof 9/% ‘B
requiredtoeliminateflutter.At M = 0.7,theamountofdsmpingcon-
sideredeliminatestheflutterregionfortheconditionofoverba@nce
andgreatlyreducesthevalueof ~/~ reqrdredtoamidflutterfor
theunderbsUncedaileron.

CONCLUDINGREMARKS

Resultshavebeenpresented“ofsomesamplecalculationsmadefor
thebending-aileronandtorsion-aileronflutterofawing-aileronsystm
ofinfiniteaspectratioforseveralvaluesofMachnuniberinsupersonic
flowandalsofcmsomesubsonicW& numbers.Ithasbeenpointedout
thattheresultsobtainedarebasedontheanalysisofa highlyidealized
configuratiaendmaybe considerablyalteredby suchfactorsasfinite
span,~clmess,additionaldegreesaE’freedom,end&herparameters
whichwerenutconsidered.Itisofimterest,however,tostatethe
effectsofcertainoftheparameterswhichseemtoexerta majorinflu-
encesincetheymsyservetoindicatetrends.

Withregardtomassbalanceofthecontrolsurface,theresults
indicateana~arentreverseeffectofmassbalanceatthetransonic
speeds.Ihmsmyofthecalculatims,flutterisindicatedforanover-
balancedaileronneara Machnumberof1,whereas,a$higherandlower
Machnuuibers,overbalancetendstoeliminateflutter.W practice,
however,itshouldbepossibletoavoidflutterfortheoverbalanced
ctitionby ana~ropriatechoiceofwingstiffhesses.

Withregardtoaileronfrequency,a highvalueoftheratioof
aileronfrequencytowingbendingortorsionalfrequencyappearsbene-
ficialb eliminatingcoupledwing-aileronflutterand,infact,a
stiicientlyhighvaluewilleMminateit,exceptinthosecaseswhich
appeartobe identifiedwithflutterofthewingb purepitch.In
_ roses,h~ever,thevalueofthefrequencyratiorequiredtoavoid
flutterappearstoexceeduuityaudisprobablynoteasytoattain.

Structuraldampingofthe~ andaileronappearstobegenerally
beneficialinreducingtheamountofbalancerequiredtoavoidflutter
orinreducingtherequiredvalueoftheratioofaileronfrequencyto
wingfrequency.

.- -. -——— --- ——. .
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Neara Machnumberof1 thepossibilityexistsofflutterofthe
aileronina singledegreeoffreedom.Thesequenceofrootsina par-
ticularcalculationmaybeconfusedbytheappearanceofrmts associ-
atedwiththisflutter.Thistypeofflutterhasbeentreatedelsewhere
andcanprobablybeeliminatedbytheproperchoiceofsuchparameters
asmomentofinertiaoftheaileron.

Althoughcertainparametersseemtogivebeneficialresults,it
appearsdifficulttoarriveatanysinglepracticalcriterionforthe
preventionofflutterinvolvingcontrolsurfacesatsupersonicspeeds.
Furtherworkonthesubjectseemsobviouslyneededsinceforapplich-
tiontoa particulardesigntheeffectsofparametersnotconsidered
willhavetobetakenintoaccountbeforemorespecificconclusionscan
bedrawn.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
. _y Field,Va.jNovember9,1953.
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~/%
1 h,~ Varleao 157.080.8l/wo -------0,0 2.0,10/7,lo/9,

1.0,0.7,allao
h,~ 0.01varied157.08.8l/so -------0,0 2.0,lo/7,10/9,

o 1.0,0.7,anao
-.01

2 a,p VariadQ 157.08.81/2300.40.s 0,0 2.o,Io/7,Io/8,10/9,
Lo,0.7,ando

a,f! .01 Variaa157.08.81/230.4 .25 0,0 2.0,1.o/7,10/8,10/9,
o 1.0,0.7,ando
-.01

3 a,p Varid o 157.08.81/50 .4.23 0,0 0
78.54
39.27
15.71

4(a)h,$ .01Variea157.08.81/s0 -------0,0 10/8,10/9,and1.0
0
-.01

4(b)a,~ .01Varia157.08.8l/250.4.25 0,0 10/8,10/9,and1.0
0
-.01

5 h,$ variedo 157.08.8l/U!o-------0,0 2.0,10/7,andlo/9
and1/60

h,f3 .01varied157.08.8l/l& -—----0,0 2.0,lo/7,andI.O/g
o alla1/60
-.01

6(a)h,$variedo 15.708.81/230--------0,0 10/7,andlo/9
h,$ 0 Vaxiea15.708.81/250-—----0,0 lo/7,andlo/9

-.01

6(b)a,$ variedo 15.708.81/s0 .4.25 0,0 2.0,analo/9

a,~ o varied15.708.8l/so .4.23 0,0 2.0,alalo/9
-.01

7 h,$ variedo 157.08.5l/lo -----— 0,0 2.0,lo/7,andlo/9

h,~ .01varied157.08.5l/lo —-----0,0 2.0,10/7,andlo/9
o
-.01

8 h,~ variedo 157.08.81/s0 -------0.03,0.110/7,1.0,Eulao.7

h,~ .01varied157.08.8l/*o –- ----.03,.1lo/7,1.0,alla0.7
0
-.01
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